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FLUID-BORNE NOISE SUPPRESSION IN AN 
AUTOMOTIVE POWER STEERING SYSTEM 

This application claims priority from Provisional Application Serial No. 
60/200,122 filed April 27, 2000 

The present invention is directed to suppression of fluid-borne noise in an 
5 automotive power steering system, and more particularly to a power steering pressure hose 
and method of manufacture having improved fluid-borne noise dampening characteristics. 

Background of the Invention 

10 Present day automobile power steering systems use power steering hoses that 

are constructed and/or provided with acoustic chambers and the like so as to, in varying 
degrees, dampen noise generated by the power steering pump and/or steering gear. The prior 
art is replete with a relatively long history of disclosures that describe devices incorporated 
inside the power steering hose or connected in line with the power steering hoses to dampen 

15 this noise. See for example U.S. Patent Nos. 5,521,340 and 5,172,729 and earlier patents 
cited as references therein. However, as to improvements in the construction of the power 
steering hose itself, the emphasis has been in the direction of developing improved heat 
resistance, which in turn should result in longer service life in the adverse automotive engine 
compartment environment. To achieve this, higher temperature materials such as 

20 chlorosulfonated polyethylene and hydrogenated nitrile have been used. 

The power steering hose constructions usually consist of an annual laminate made up 
of a multiplicity of concentric tubular members, such as an innermost tube, a tubular 
reinforcement layer, a tubular friction layer, a second tubular reinforcement layer and a 
tubular outside cover layer. In some instances, the innermost tube of the hose itself is made 

25 up of two separate layers. These layers may be coextruded to provide a high temperature 
innermost material that would come in contact with the power steering fluid, backed up by a 
lower cost surrounding material to provide the necessary tube strength. See in this regard the 
U.S. Patent 5,316,046, issued May 31, 1994. See also U.S. Patent 4,998,565 and the prior art 
cited in the aforementioned '046 patent. 

30 



Summary of the Invention 



In general, and by way of summary description and not by way of limitation, 
the present invention achieves the aforestated, as well as one or more additional objects set 
5 forth hereinafter, by providing a power steering hose construction that has improved noise 
dampening properties achieved by using a material for the innermost tube of the multilayer 
inner tube of the hose construction that has improved noise dampening properties, such as an 
ethylene/acrylic elastomer, without scarificing the resistance of the hose construction to high 
temperature fluid. This innermost tube preferably is bonded through vulcanization to a 

10 surrounding tube of material that possesses lesser noise dampening characteristics but 
provides other desirable physical characteristics in the composite hose construction. The 
dampening characteristics of the hose can be varied by varying the relationship of the radial 
wall thicknesses, relative to one another, of the inner and outer tubes of the multilayer 
innermost tube of the hose. 

15 A method of dampening fluid-borne noise in an automotive power steering 

system in accordance with a presently preferred embodiment of the invention contemplates 
provision of a power steering fluid hose having a laminated inner tube surrounded by a 
reinforcing outer tube. The inner tube has a resilient inner layer with a radial thickness Ti 
and a resilient outer layer with a radial thickness T 2 . The inner layer is softer than the outer 

20 layer and is bonded by vulcanization to the outer layer. The radial thicknesses Ti and T 2 have 
a ratio selected to dampen fluid-borne noise within a preselected frequency range by elastic 
expansion of the inner and outer layers. 

Brief Description of the Drawings 

25 

The foregoing as well as additional objects, features and advantages of the 
present invention will become apparent from the following detailed description of the present 
invention taken in conjunction with the accompanying drawing wherein: 

FIG. 1 is a schematic diagram of an automotive power steering system 
30 equipped with a power steering pressure hose in accordance with the present invention. 

FIG. 2 is a fragmentary perspective view of a power steering hose construction 
embodying the hose construction features of the invention to provide improved noise 
dampening properties. 

FIG. 3 is a cross sectional view taken on the line 2-2 of FIG. 1 but not to scale. 
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FIGS. 4-6 are graphs that illustrate test results in accordance with a presently 
preferred embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 

FIG. 1 is a schematic diagram of an automotive power steering system 30. A 
pump 32 draws fluid from a sump 34 and delivers the fluid under pressure through a conduit 
36 to a steering gear 38. From steering gear 38, the fluid is returned to sump 34 by a conduit 
40. 

10 Referring now to FIGS. 2 and 3 of the drawing, there is shown a power 

steering hose 10 constructed as an exemplary but presently preferred embodiment of the 
invention to serve as an improved conduit 36 and/or 40 (FIG. 1) for power steering fluid in 
automotive power steering system 30. Hose 10 includes multilayered inner tube 12 made up 
of an inner tubular layer 14 and an outer tubular layer 16, two concentric tubular braided 

15 reinforcement layers 18 and 20, and an outer tubular cover 22. If desired, an insulation 
rubber layer (not shown) may be disposed between the reinforcement layers 18 and 20, as 
illustrated in aforementioned U.S. Patent 5,316,046 (incorporated herein by reference). As 
best seen in the cross sectional view of FIG. 3, the wall thickness of inner layer 14 of tube 12 
taken radially of the same is designated "Tj". Likewise, the wall thickness of the outer layer 

20 1 6 of the multilayer inner tube 1 2 taken radially of the same is designated "T 2 ". 

Instead of (or in addition to) attempting to provide sound deadening devices 
incorporated inside the hose or connected in line with the power steering hoses to dampen 
system noise generated by the power steering pump and/or steering gear, the present 
invention achieves noise dampening in the power steering hose by using a material for inner 

25 layer 14 of the multilayer tube 12 that has good noise dampening properties, such as an 
ethylene/acrylic elastomer, but without sacrificing the resistance of the hose construction to 
high temperature power steering fluid. Thus inner tube layer 14 is bonded through 
vulcanization to a surrounding material (described in more detail hereafter) used in the 
construction of the outer layer 16 of tube 12, which possesses lessor noise dampening 

30 characteristics but that can withstand high temperatures and thereby provides hoop strength 
reinforcement under such adverse temperature conditions. 

In addition, the invention contemplates varying the noise dampening ability of 
hose 10 by adjusting the thickness Ti of the inner layer 14 of tube 12 in relation to the 
thickness T 2 of the outer layer 16 of tube 12. The multilayer tube 12 may be made by a 
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coextrusion process and apparatus such as that disclosed in U.S. Patent 4,322,260 
incorporated herein by reference. This multilayer inner core 12 may then be covered with the 
tubular reinforcement layers 18 and 20 in the form of a braid or spiral or woven material to 
provide reinforcement. The hose noise dampening ability can be enhanced further by using a 
5 reinforcement yarn in layers 18 and 20 such as nylon applied in such a manner as to allow for 
expansion of the hose under pressure. The expansion of the hose can be controlled through 
the amount of elongation of the yarn and the angle at which it is applied. See, for example, 
U.S. Patent 4,633,912 also incorporated herein by reference. 

The hardness of the inner layer 14 of the multilayer inner tube 12 is preferably 

1 0 in approximately the range of 70-80 durometer. A durometer value below 70 may be too soft 
to obtain an adequate seal, whereas a durometer value above 80 renders it more difficult to 
manufacture the extruded layer and provides less noise dampening properties. 

Outer layer 16 of inner tube 12 is preferably made of a peroxide-vulcanized 
acrylonitrile-butadiene copolymer rubber (NBR) that provides strength and high temperature 

15 resistance to the multilayer tube 12. Layers 14 and 16 of the multilayer tube 12 preferably 
are coextruded and bonded together through vulcanization after coextrusion. The two layers 
of braided material 18 and 20 provide hoop strength to the overall hose construction to 
achieve a burst pressure on the order of 8,000 to 10,000 psi and are preferably made of 
suitable synthetic fibers such as high elongation nylon. Outer cover 22 is preferably made of 

20 chlorinated polyethylene (CPE). 

The ratio of the thickness Tj of the inner layer 14 to the thickness T 2 of the 
outer layer 16 of the multilayer tube 12 preferably is selected at an empirically determined 
value in view of the desired noise dampening characteristics of hose 10 and the inside 
diameter of the multilayer inner tube 12. This empirical determination may be made by 

25 physical experimentation and/or analytical computer modeling. Hence, it is necessary that 
the minimum thickness for inner layer 14 be empirically determined to provide sufficient heat 
resistance and oil resistance, and more importantly the desired noise dampening 
characteristics. On the other hand, the outer layer 16 would have an empirically determined 
minimum thickness that would ensure sufficient adhesion to the inner layer 14 and to the 

3 0 reinforcement layer 1 8 . 

The ratio of Ti:T 2 is preferably approximately in the range of 30:70 to 70:30, 
with a preferred example being a mid-range ratio of 50:50. In any event the ratio can be 
further optimized and tuned to the particular vehicle power system to maximize noise 
dampening under the parameters of operation of a particular vehicle system. 
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FIGS. 4-6 are graphs that illustrate results of testing an automotive power 
steering hose in accordance with the present invention in comparison with currently available 
hoses for power steering applications. All hoses were 400 mm in length, and were tested in 
accordance with ISO 10767-1. Each graph of FIGS. 4-6 illustrate transmission loss TL (no 
5 units) as a function of frequency. The higher the transmission loss, the better the noise, 
vibration and harshness (NVH) characteristics of the hose. FIGS. 4 and 5 illustrate test 
results 50 for a hose in accordance with the present invention in comparison with various 
standard commercially available hose constructions. In each test, the hose in accordance with 
the present invention exhibited greatly superior dampening characteristics in the frequency 
10 range of about 300 to 400 Hz, which is the frequency range associated with "moan" of power 
steering systems. 

FIG. 6 illustrates test results 50 of the hose in accordance with the present 
invention in comparison with commercially available hoses equipped with noise-suppression 
"tuners" of the type illustrated for example in US Patent 6,155,378. Once again, in the 

1 5 frequency range of about 300 to 400 Hz associated with objectionable "moan" noise in power 
steering systems, the hose in accordance with the present invention exhibited noise 
suppression properties superior to those of "tuned" hoses. 

From the foregoing description it will be seen that high temperature and 
pressure power steering hose constructions have been in production for a number of years, 

20 and likewise that it is well known in the art to provide the capability to coextrude two 
different materials at the same time. The invention takes advantage of this prior knowledge 
in the art but improves upon it by employing two different materials and a selected ratio of 
respective laminate wall thicknesses in the innermost multilayer tube 12 of a multilaminate 
hose. Those two materials possess different degrees of noise dampening properties to help 

25 create the amount of noise dampening desired from the power steering hose and still maintain 
the high temperature fluid aging and fluid sealing properties required for prolonged service 
life of the hose in power steering automotive environments. 



